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CONSTRAINED IDENTIFICATION FOR ADAPTIVE CONTROL: APPLICATION TO BIOMEDICAL SYSTEMS
For ill defined, time varying, or nonlinear systems, adaptive controllers offer an attractive alternative to classical design techniques. These controllers require minimal information. Ironically, the information that is available is often discarded. As a result, control may become unstable. If the available information could be used instead of discarded, the instability might be avoided.
We therefore developed a real-time algorithm that imposes linear equality and inequality constraints on a time series model of the process. Thus commonly available information, such as open loop stability, settling time, and steady state gain, can be incorporated into the control. When the information is imposed according to our guidelines, control errors due to mismodeling can he significantly attenuated (in one instance, we reduced the mean squared output error by more than two orders of magnitude).
We demonstrate our algorithm in two practical biomedical applications. In the first, we consider second order linear compartmental models (a popular model for pharmacodynamical systems). We develop novel constraints for these models. Then, as an example, we control plasma and tissue concentrations of methotrexate, an antimetabolite used in the treatment of certain neoplastic diseases. Our results show that the constraints improve both controller performance and patient safety.
In the second biomedical application, we lower mean arterial pressure with a vasodilator. This system is nonlinear and time varying; hence it can be difficult to control. We simulate this system with a series of models that are progressively more complex. For each model, we develop suitable constraints which we then impose during control. As the models become more complex, we show that the constraints become more important for safety and improved control.
While pursuing this work, we discovered a simple modification that significantly improves the efficiency and accuracy of positive semi definite complementary linear programming (a technique for solving quadratic programs). We prove its validity and modify the pivot selection rules to implement least distance programming. Fourier transform magnetic resonance imaging utilizes temporally varying linear magnetic field gradients to encode spatial information. These gradient waveforms influence image properties such as resolution, signal-to-noise ratio, and sensitivity to motion. This thesis presents a general formalism for the design of gradient waveforms using nonlinear constrained optimization. Methods of formulating and solving the op-
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